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B oth the balanced electrolyte, and mucin protein composition, as well as the appropriate amount of fluid secreted by the lacrimal gland (LG) are essential for maintaining preocular tear film integrity. Dysfunction of the lacrimal functional unit can lead to the development of dry eye causing a wide spectrum of ocular surface damage. [1] [2] [3] Dry eye disease has become an emerging health problem in industrialized countries worldwide. A more detailed understanding of the LG function can lead to the development of specific therapeutic modalities.
Similarly to other exocrine tubuloacinar glands, LG is mainly composed of three types of cells: acinar, duct, and myoepithelial cells. 4, 5 Functions of acinar cells are widely studied, resulting in a broad spectrum of information. [6] [7] [8] [9] Contrarily, much less is known about the possible secretory function of duct cells. It has been proposed that primary acinar fluid is modified by ductal secretory processes: an elevated K þ and Cl À content of the final product evolves during passage of fluid through the ductal tree. 6, 7, 10 However, the role of LG duct epithelium on fluid, electrolyte, and protein secretion is not well understood.
New methods have been published to study LG duct epithelium during the past few years. Ubels and colleagues 11 collected duct cells from frozen rat LG sections using a laser capture microdissection technique. Numerous genes coding basolateral-to-apical K þ secretion-related transport proteins were found in duct cells. Another experimental method to study LG function was described by our laboratory. 12 The new isolation technique resulted in viable duct segments for functional studies. The role and regulation of various ion transporters in the lacrimal duct can be studied with the use of isolated, short-term cultured duct segments. Our results showed the functional presence of a Na þ -dependent proton efflux mechanism (Na þ /H þ exchanger; NHE) and a Cl Àdependent HCO 3 À efflux mechanism (anion exchanger; AE) using pH-sensitive fluorescent dye in LG duct cells. Overall actions of basolaterally-and apically-located ion transporters produce an osmotic gradient, which determine the direction of water flow. Water passively follows secreted ions depending on the osmotic gradient.
The underrepresentation of studies concerning lacrimal duct epithelial cells is in striking contrast to the information Copyright 2014 The Association for Research in Vision and Ophthalmology, Inc. www.iovs.org j ISSN: 1552-5783 that has been gathered from the duct system of the pancreas or salivary glands. The role of duct system in different glands varies on a wide scale. Pancreatic ducts have an important role in secretion of HCO 3 À -rich fluid. [13] [14] [15] [16] [17] The duct cells in salivary glands seem to secrete K þ and HCO 3 À and reabsorb Na þ and Cl À without water movement. [18] [19] [20] [21] Although LG duct epithelial cells supposedly participate in ion transport processes, there is no data supported by experimental results regarding the contribution of duct cells in fluid secretion of the gland. In addition, there is no data available about water permeability of LG duct epithelium.
The aims of the present work were to determine the osmotic water permeability of duct epithelium by means of calculation of filtration permeability (P f ), and to investigate LG duct fluid secretion by means of measurement of fluid secretion evoked by potential agonists (forskolin and carbachol).
MATERIALS AND METHODS

Animals
Adult male New Zealand white rabbits weighing 2 to 2.5 kg were used (Devai Farm, Kondoros, Hungary). The animals were narcotized with a mixture of ketamine (10 mg/kg, intravenously) and xylazine (3 mg/kg, intravenously) and were euthanized with pentobarbital overdose (80 mg/kg, intravenously Standard HEPE buffered solution contained (mM): 140 NaCl (67.5 NaCl in case of hypotonic solution: 145 mosM), 5 KCl, 2 CaCl 2 , 1 MgCl 2 , 10 D-glucose, and 10 Na-HEPES and pH was set to 7.4 with HCl at 378C (290 mosM).
The standard HCO 3 À /CO 2 À buffered solution contained (mM): 115 NaCl, 25 NaHCO 3 , 5 KCl, 1 CaCl 2 , 1 MgCl 2 , 10 Dglucose and was gassed with 95% O 2 /5% CO 2 at 378C.
Carbamoylcholine chloride (Carbachol), forskolin, bumetanide, DIDS, and 5-(N-ethyl-N-isopropyl)amiloride (EIPA) were obtained from Sigma-Aldrich.
Isolation and Culture of Lacrimal Duct Segments
Rabbit LG interlobular ducts were isolated as previously described by our laboratory. 12 Briefly LGs were dissected and transferred to a sterile small flat-bottom glass flask containing a cold (þ48C) storage solution. Isolation solution was injected into the interstitium of the glands and the tissue pieces were transferred to a glass flask containing 2 mL of isolation solution for incubation in a shaking water bath at 378C. Isolation solution was removed after incubating for 25 minutes and 5 mL of fresh cold storage (þ48C) solution was added to the flask. Lacrimal gland tissue samples were transferred to a glass microscope slide and viewed under stereo microscope. Interlobular ducts were microdissected and after microdissection, intact LG ducts were transferred to the culture solution in a petri dish. Ducts were cultured overnight in a 378C incubator gassed with 5% CO 2 /95% O 2 .
Measurement of Osmotic Water Permeability and Fluid Secretion of LG Interlobular Duct Epithelium
The ends of LG ducts seal during overnight incubation forming a closed luminal space. Secretory processes (or osmoticallydetermined fluid movement) of duct epithelium into the closed intraluminal space result in swelling of the ducts as the luminal space fills with the secreted fluid as seen in the case of isolated pancreatic ducts. The change in duct volume can be analyzed using the video microscopic method. 17, 22, 23 Cultured LG duct segments were carefully transferred to a coverslip pretreated with diluted poly-l-lysine (diluted in distilled water, ratio ¼ 1:9; Sigma-Aldrich). The coverslip formed the base of a perfusion chamber mounted on an inverted microscope (Olympus Ltd., Budapest, Hungary). The chamber was perfused with solutions via an infusion pump at approximately 2.5 mL/min at 378C. Ducts were visualized at high magnification (320 objective). Bright-field images were acquired at set time intervals (5 seconds in the case of osmotic permeability measurements and 1 minute in the case of ductal fluid secretion experiments) using a charge-coupled digital camera device coupled to a personal computer. Both the duration of experiments and the time intervals between images were defined in Xcellence (Olympus Ltd.) imaging software. An image series in tagged image file format was generated containing all of the images collected from the same experiment. Scion Image (Scion Corporation, Frederick, MD, USA) software was used to obtain values and analyze changes in the area corresponding to the luminal space in each image.
The initial lumen length (L 0 ) and the lumen area (A 0 ) were measured directly from the pixel intensities on the first image. The lumen diameter was calculated assuming the cylindrical setup of the duct, from the formula 2R ¼ A 0 /L 0 . The luminal surface area was calculated as 2pR 0 L 0 , also assuming cylindrical geometry. Measurements from subsequent individual images were normalized to the first lumen area in the series (A 0 ) thus giving values for the relative area
of the ducts was then calculated from the relative image area. These calculations were done using Scion Image and Microsoft Excel software (Microsoft, Redmond, WA, USA).
Luminal volume change after exposure to hypotonic solution was measured for the calculation of osmotic permeability as follows: ducts were perfused with isotonic HEPES buffered solution (290 mosM) for 5 minutes after equilibration, then the perfusate was changed to hypotonic HEPES buffered solution (145 mosM). 24 The osmotic water permeability constant ([P f ] ¼ lm/s) was calculated using the initial volume (V 0 ¼ pR 0 2 L 0 ), the initial slope of the relative volume increase (d(V/V 0 )/dt), the initial luminal surface area (S 0 ¼ 2pR 0 L 0 ), and the molar volume of water (V w ¼ 18 3 10 12 lM) as follows 25 :
where osm in -osm out is the difference between inner and outer Fluid Secretion of the LG Ducts IOVS j July 2014 j Vol. 55 j No. 7 j 4361 mediums osmolarity. In this case osm in ¼ 290 mOsm and osm out ¼ 145 mOsm.
In the case of fluid secretion measurements, carbachol or forskolin was added to the perfusate after 10-minutes superfusion with HEPES buffered or HCO 3 À /CO 2 buffered solution . At the end of each experiment, perfusion was changed to hypotonic solution for 5 minutes in order to confirm epithelial integrity. Complete sealing was proved by rapid swelling of the ducts as a response to hypotonic challenge. Data obtained from ducts not showing swelling response was discarded.
Statistical Analysis
Data is presented as means 6 SEM, where the value of n is the number of ducts. One-way ANOVA followed by Bonferroni post hoc test was used for statistical comparison of data, P less than 0.05 was chosen as the limit for statistical significance.
RESULTS
Osmotic Water Permeability of LG Interlobular Duct Epithelium
The luminal area increased after exposure to the hypotonic solution indicating that the NaCl gradient caused rapid water flux into the closed luminal space. P f was 60.53 6 19.76 lm/s (n ¼ 9, from three different animals). Figure 1 shows the changes in the luminal volume after the change in bath osmolarity.
Forskolin-Stimulated Fluid Secretion of Interlobular Ducts
Effects of forskolin stimulation on secretion of LG ducts were investigated both in HEPES buffered and in HCO 3 À /CO 2 buffered solutions. In the first series of the experiments, ducts were superfused with HEPES buffered solution for 10 minutes, and then 10 lM forskolin was added to the bath. Ducts remained unchanged in HEPES buffered solution (secretory rate: À2.2 6 18.7 pL/min/mm 2 ), while during forskolin stimulation, rapid, sustained swelling response was observed (secretory rate in the first 10 minutes of stimulation: 379.9 6 54.4 pL/min/mm 2 , in the first 15 minutes of stimulation: 327.4 6 41.6 pL/min/mm 2 ; Fig. 2A ).
In order to evaluate the potential role of HCO 3 À transporters in forskolin-evoked fluid secretion, ducts were superfused with HCO 3 À /CO 2 buffered solutions for 10 minutes, and then forskolin was added to the bath. There was no detectable secretion in HCO 3 À /CO 2 buffered solution (secretory rate: 3.6 6 11 pL/min/mm 2 ), while rapid secretion could be observed as an effect of forskolin stimulation (secretory rate in the first 10 minutes of stimulation: 408.3 6 69.5 pL/min/mm 2 , in the first 15 minutes of stimulation: 355.1 6 64 pL/min/mm 2 ; Fig.  2B ). See Supplementary Video S1 for the effect of forskolin stimulation on ductal fluid secretion in HCO 3 À /CO 2 buffered solution. Figure 3 shows photo series of swelling duct deriving from the video.
The secretory effect of forskolin did not differ in HEPES or HCO 3 À /CO 2 buffered solution. The sensitivity of forskolinevoked secretion to inhibitors of known basolateral ion transporters was then investigated in the presence and in the absence of HCO 3 À .
Effects of Bumetanide on Fluid Secretion
Since rabbit LG interlobular ducts are able to secrete fluid in response to forskolin stimulation in HEPES buffered (nominally HCO 3 À free) solution (see above), a different anion than HCO 3 À , most probably Cl À can be the anionic driving force of fluid secretion. To investigate the transporter responsible for basolateral Cl À uptake, we tested the role of NKCC1 by administration of the cotransport inhibitor bumetanide. Bumetanide (100 lM) completely blocked forskolin-evoked fluid secretion in HEPES buffered (HCO 3 À free), and also in HCO 3 À /CO 2 buffered solutions (Figs. 4A, 4B). Bumetanide was applied after 10 minutes of stimulation with forskolin in these experiments. Effect of preincubation with bumetanide on forskolin-evoked fluid secretion in HCO 3 À /CO 2 À buffered solution can be seen on Figure 4C . Osmotic permeability of rabbit interlobular duct epithelium. Interlobular ducts were isolated from the LG of rabbits. Changes in the relative luminal volume (V r ) induced by a 50% reduction in the osmolarity of the perfusate are shown. Measurements were performed by video microscopy. Bright field images were captured at 5-second intervals. Data was obtained from nine ducts isolated from three different animals and is presented as the mean 6 SEM. FIGURE 2. Effect of forskolin on ductal fluid secretion in rabbit LG interlobular ducts in the presence or in the absence of HCO 3 À . (A) Ducts were superfused with HEPES-buffered solution throughout the experiments. From 10 minutes, ducts were exposed either to 10 lM forskolin (filled square) or to no agonist (empty circle). (B) Ducts were superfused with HEPES-buffered solution for 10 minutes (data not shown) and then the perfusate was switched to HCO 3 À /CO 2 buffered solution. After 10 minutes of superfusion with HCO 3 À /CO 2 buffered solution, ducts were exposed either to 10 lM forskolin (filled square) or to no agonist (empty circle). Changes in relative luminal volume (V r ) are shown. Data was obtained from five ducts isolated from at least three different animals in each series and is presented as the mean 6 SEM.
Role of Basolateral HCO 3 À Transporters in Fluid Secretion
To further investigate the contribution of basolateral HCO 3 À and Cl À transporters, we tested the effects of basolateral transport inhibitors EIPA (3 lM) and DIDS (100 lM). In HCO 3 À buffered solution, administration of EIPA and DIDS did not significantly alter the secretory rates (Fig. 4D) .
These results suggest the key role of Cl À transport in fluid secretion in rabbit LG interlobular ducts.
Carbachol-Stimulated Fluid Secretion of LG Interlobular Ducts
The effect of carbachol treatment on fluid secretion of LG ducts was investigated both in HEPES buffered and in HCO 3 À / CO 2 buffered solutions. In the first series of experiments, ducts were perfused with HEPES buffered solutions for 10 minutes, followed by administration of 100 lM carbachol to the bath solution. No secretion was observed in HEPES buffered solution, whereas carbachol initiated ductal swelling representing cholinergic-evoked ductal fluid secretion. Fluid secretion proved to be biphasic consisting of a continuous swelling in the first 5 minutes followed by a plateau phase (secretory rate in the first 5 minutes of stimulation: 122.3 6 29.6 pL/min/ mm 2 , in the first 10 minutes of stimulation: 69.2 6 12.9 pL/ min/mm 2 ; Fig. 5A ).
The role of HCO 3 À in carbachol-evoked fluid secretion was investigated in the second series of experiments. Ducts were perfused with HCO 3 À /CO 2 buffered solution. Ducts did not show fluid secretion in HCO 3 À /CO 2 buffered solution. One hundred micromols of carbachol was then administered to the bath and the swelling response was detected. Figure 4B shows mean data for the change in relative volume. The kinetics of carbachol-stimulated ductal fluid secretion was very similar to those that observed in HEPES buffered solution. The stimulatory effect of carbachol could be detected in the first 5 minutes, followed by a plateau phase (secretory rate in the first 5 minutes of stimulation: 106.3 6 26.7 pL/min/mm 2 , in the first 10 minutes of stimulation: 66.3 6 15.6 pL/min/mm 2 ; Fig.  5B ).
Administration of parasympatholytic atropine (10 lM) resulted in a complete abolishment of carbachol-evoked fluid secretion both in HEPES buffered and in HCO 3 À /CO 2 buffered solutions (Figs. 5A, 5B). Secretory rates did not show a significant difference between measurements in HEPES buffered and HCO 3 À /CO 2 buffered solutions. Secretory rates evoked by forskolin and carbachol in the presence and in the absence of HCO 3 À are summarized in Figure 6 .
DISCUSSION
In the present work, we provide the quantification of water permeability of lacrimal ducts, as well as the experimental evidence of lacrimal duct fluid secretion evoked by forskolin or carbachol.
Until recently, neither experimental methods, nor results deriving from functional experiments have been published concerning the fluid secreting capability of the LG duct epithelium. In contrast to many secretory epithelia, there is a lack of published calculation of the water permeability of the duct epithelium, even though this parameter is essential in determining the fluid transport. It has been estimated that duct cells may produce up to 30% of the total volume of the LG fluid, thus the relative contribution of duct epithelial cells to From 10 minutes, ducts were exposed to 10 lM forskolin, from 20 minutes, ducts were exposed either to no blocker (only forskolin stimulation, filled square) or to 100 lM bumetanide (empty triangle). (B) Ducts were superfused with HEPES buffered solution for 10 minutes (data not shown) and then the perfusate was switched to HCO 3 À /CO 2 buffered solution. After 10 minutes of superfusion with HCO 3 À /CO 2 buffered solution, ducts were exposed to 10 lM forskolin. From 20 minutes, ducts were exposed either to no blocker (only forskolin stimulation, filled square) or to 100 lM bumetanide (empty triangle). (C) Ducts were superfused with HEPES buffered solution for 10 minutes (data not shown) and then the perfusate was switched to HCO 3 À /CO 2 buffered solution. From 10 minutes, ducts were exposed either to 100 lM bumetanide (empty triangle), or no blocker (filled square). From 20 minutes, all ducts were exposed to 10 lM forskolin. (D) Ducts were superfused with HEPES buffered solution for 10 minutes (data not shown) and then the perfusate was switched to HCO 3 À /CO 2 buffered solution. After 10 minutes of superfusion with HCO 3 À /CO 2 buffered solution, ducts were exposed to 10 lM forskolin. From 20 minutes ducts were exposed to 3 lM EIPA and 100 lM DIDS (empty square). Administration of EIPA and DIDS without bumetanide did not cause statistically significant reduction in forskolin-evoked fluid secretion. Changes in relative luminal volume (V r ) are shown. Data was obtained from five ducts isolated from at least three different animals in each series and is presented as the mean 6 SEM. water secretion cannot be neglected. 6, 7 However the relative inaccessibility of the LG duct structure makes it difficult to obtain information from viable duct segments.
The LG isolation technique described earlier by our laboratory results in viable duct segments maintained in short-term culture, which are suitable for functional studies. 12 According to our observations, the sealing of the ends of the ducts results in complete restoration of epithelial integrity and swelling of the ducts happens without leakage in the vast majority of cases. For the first time, video microscopic method was applied to investigate the osmotic permeability and secretory properties of LG duct epithelium in the present work.
The value of P f proved to be 60.53 6 19.76 lm/s. This P f value is lower than the highly water permeable pancreatic duct epithelium (160-170 lm/s, measured in rat pancreatic ducts) 24, 26 or the kidney proximal tubule (100-500 lm/s, different species) 27, 28 and very similar to the distal airways of the guinea pig (60 lm/s), 29 to the rat cholangiocytes (50 lm/ s), 30 and to the cultured corneal endothelium in mice (74 lm/ s). 31 The P f value showed by our experiments is clearly sufficient to support the process of fluid secretion, and proves that rabbit LG duct epithelium can be able to secrete fluid.
Until recently, limited number of studies has focused on LG duct epithelium. 11, 12, [32] [33] [34] [35] [36] All of these studies investigated the ion secretory profile of duct cells, while fluid secretory properties of duct system remained speculative. Dartt et al. 6 published a landmark study in 1981 proposing that the electrolyte and water component of LG fluid could be a mixture of plasma-like primary fluid secreted by the acinar cells and a potassium ion-rich fluid produced by the duct cells. They concluded that duct cells may secrete a significant portion of LG fluid. Ding et al. 32 recently established a nomenclature for the lacrimal duct system in the rabbit. According to their description, lacrimal duct system can be divided into intralobular, interlobular, intralobar, and interlobar ducts. The gene expression profile of these various duct segments and the acinar cells were analyzed using laser capture microdissection and real-time RT-PCR. Marked difference could be measured among distinct duct segments suggesting their differing role in tear secretion. In general, predominant expression of cystic fibrosis transmembrane conductance FIGURE 5 . Effect of carbachol on ductal fluid secretion in LG gland interlobular ducts in the presence or in the absence of HCO 3 À . (A) Ducts were superfused with HEPES buffered solution throughout the experiments. From 5 minutes ducts were exposed either to 100 lM atropine (empty triangle, arrow indicates the initiation of atropine treatment) or no blocker (filled square). From 10 minutes all ducts were exposed to 100 lM carbachol. (B) Ducts were superfused with HEPES buffered solution for 10 minutes (data not shown) and then the perfusate was switched to HCO 3 À /CO 2 buffered solution. From 5 minutes, ducts were exposed either to 100 lM atropine (empty triangle, arrow indicates the initiation of atropine treatment) or no blocker (filled square). From 10 minutes, all ducts were exposed to 100 lM carbachol. Changes in the relative luminal volume (V r ) are shown. Data was obtained from five ducts isolated from at least three different animals in each series and is presented as the mean 6 SEM. regulator (CFTR) was found in the duct cells. 32 Another recent study 33 found significant variations in the expression of different Cl À channels in a rabbit model of Sjögren syndrome and in healthy animals. The reduced levels of NKCC1 and CFTR mRNA in duct cells derived from diseased animals suggest the active contribution of these structures in altered lacrimal fluid secretion. In a recent paper, Lu and Ding 36 elegantly demonstrated that CFTR is functionally involved in Cl À transport in both acinar and duct cells in the rabbit LG and suggests that CFTR plays a significant role in LG function. The presence of significant amounts of CFTR and other channels and transporters in the LG duct cells strongly suggests that LG ducts play a critical role in the maintenance of homeostasis of lacrimal fluid secretion.
In the present work, we found that forskolin initiated a brisk and continuous swelling response in rabbit LG interlobular ducts. Fluid secretion was almost unaffected by inhibition of HCO 3 À transport mechanisms, but was completely abolished when basolateral Cl À uptake was blocked by bumetanide. Inhibitory effect of bumetanide proved to be very similar in the case of acute and chronic administration demonstrating the inability of one basolateral transport pathway (EIPA and DIDS sensitive) to increase its activity when another (bumetanidesensitive) is chronically inhibited. A model summarizing the channels, transporters, and intracellular messengers is shown in Figure 7 . Both elevated cytosolic cAMP levels and intracellular Ca 2þ signaling can activate Cl À secretion through different Cl À selective channels located on the apical membrane. Summarized actions of these Cl À channels result in intraluminal flux of chloride. Elevation of intraluminal Cl À concentration can be the main determinant of lumen-negative transepithelial voltage difference, which is the driving force of ductal fluid secretion.
The complete inhibition of fluid secretion by bumetanide in HCO 3 À /CO 2 buffered solution suggests the predominant role of Cl À transport mechanisms over HCO 3 À secreting processes in lacrimal duct fluid secretion in rabbit. As bumetanide is a wellknown inhibitor of the NKCC1 located on the basolateral membrane of the duct cells, this transport process can be the main route of cellular chloride uptake. Further studies are needed to determine the functional activity of this transporter. Our findings strongly suggest the importance of CFTR in ductal fluid secretion as forskolin, a well-known activator of CFTR via the elevation of cytosolic cAMP levels, resulted in a significant swelling response in our experiments. We were unable to carry out direct investigation of the apically located CFTR since the luminal space cannot be reached in sealed ducts. Cannulation of these narrow and fragile structures needs further development of our experimental technique.
Cholinergic control of LG secretion through M3 muscarinic receptors is well known. 6, 10, 11, [37] [38] [39] [40] [41] [42] [43] Cholinergic stimulation with carbachol resulted in a biphasic secretory response with a faster initial and a plateau second phase in our experiments. The carbachol-evoked secretory pattern of lacrimal ducts was similar to those found in pancreatic ducts. 22 Parasympatholytic atropine abolished the stimulatory effect of carbachol, suggesting the involvement of muscarinic cholinoceptors. The secretory effects of forskolin were remarkably higher compared with the response to carbachol stimulation.
Interlobular ducts are the smallest segments, which can be isolated with our technique. Considering the presumably different function of various duct segments suggested by earlier investigations it must be emphasized that data obtained from one specified section of the duct system can only be translated to other parts of the ductal tree with great precaution.
In conclusion, calculated values of filtration permeability and forskolin-and carbachol-induced fluid secretory capabilities of LG duct cells were demonstrated in the present work. These results were achieved by an experimental technique used by the first time in lacrimal duct research. Our results strongly support the hypothesis that the LG duct system is actively involved in lacrimal fluid secretion. Our novel experimental technique opens a new horizon in the investigation of lacrimal duct function and can help to clarify the effects of various stimulatory agents and the role of ion transport 6 Ubels et al., 11 Ding et al., 32 our earlier investigations, 12 and by the present study. Forskolinstimulation results in elevated cytosolic cAMP levels which activate Cl À secretion through CFTR. Summarized actions of Cl À selective channels located on the apical membrane of the duct cells result in intraluminal flux of chloride. Elevation of intraluminal Cl À concentration is the main determinant of lumen-negative transepithelial voltage difference, which is the driving force of ductal fluid secretion. Coupled influxes of Na þ , K þ , and Cl À are mediated by bumetanide-sensitive NKCC1 located on the basolateral membrane. Parasympathomimetic carbachol stimulates NHE activity, followed by the activation of AE on the basolateral membrane through Ca 2þ signaling. The elevated intracellular Ca 2þ concentration can also activate IKCa1, a Ca 2þ -activated potassium channel and ClC3, an apically located Cl À channel. L, luminal side; Bl, basolateral side; KCC1, K þ /2Cl À cotransporter; ClC, Chloride channel; IKCa1, intermediate conductance calcium-activated K þ channel; NKA, Na þ /K þ -ATPase. mechanisms in tear secretion. Effects of potential secretagouge compounds can also be tested with this method. These future results may contribute to the development of targeted pharmacological interventions in order to improve deteriorated LG functions in dry eye disease.
